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Antitumoral con^osition based on immunogenic 
polypeptide with modified cell location 

The subject of the present invention is an 
5 antitumoral composition comprising, as therapeutic or 
prophylactic agent, an immunogenic polypeptide modified 
so as to have a cell location different from its native 
location. It also relates to a composition based on a 
recombinant vector expressing said polypeptide. Such a 
10 composition is more particularly intended for the 
treatment or prevention of lesions associated with 
papillomaviruses . 

It is generally accepted that cancer is a 
disease which results from a loss of control of cell 
% 15 multiplication. Its causes may be many and may be due 

in particular to a dysfunction of cellular genes 

:;: (activation for example by somatic mutation of 

y 

.g, potentially oncogenic genes; deregulation of 

^ expression; inhibition of the expression of tumor 

; 20 suppresser genes) or to the undesirable expression of 

=f viral genes. 

^7 In humans, papillomaviruses (HPV) are 

■^::| associated with pathologies ranging from benign 

:~; infection of the skin, to verrucas and to malignant 

25 tumors. Among the 75 types of HPV identified up until 
now, 20 distinct isolates are highly specific to the 
genital tracts and 5 of them (HPV-16 and 18 and to a 
lesser degree HPV-31, 33 and 45) are clearly associated 
with cancer of the cervix and of the lower tracts. A 
30 whole series of studies demonstrates the transforming 
role of these viruses, their specific integration into 
the genome of neoplastic cells, their gene activity in 
cancerous cells and the importance of the expression of 
certain viral genes in maintaining the malignant 
35 phenotype of HPV-posi.tive neoplastic cells (Monsenego, 
J. Impact Medecin, ll'March 1994). 

In general, the papillomaviruses are DNA 
viruses possessing a circular genome of about 7900 base 
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pairs surrounded by a protein capsid. A number of 
papillomavirus types, in particular bovine 
papillomaviruses (BPV) and human papillomaviruses (HPV) 
have been identified (Pfister, 1987, in The 
5 papovavlridae : The Papillomaviruses , Salzman and 
Howley edition. Plenum Press, New York, p 1-38) . Their 
genome comprises an early region containing the reading 
frames El, E2, E4, E5, E6 and E7 and a late region 
encoding the capsid proteins LI and L2 . 
10 The early proteins have the capacity to bind 

DNA and are found predominantly in the nucleus. The 
products of expression El and E2 regulate the viral 
replication and the expression of the viral genes 
whereas those of the E5, E6 and E7 regions are involved 
15 in the processes of oncogenic transformation of the 
n infected cells. In this regard, it has been shown 

SKI ■ 

;f: experimentally that the BPV-1 E5 protein can transform 

cells in vitro (Schlegel et al., 1986, Science 233, 
=y 464-467). The transforming power of E7 has been 

% 20 demonstrated for HPV-16 and HPV-18 (Kanda et al., 1988, 

' J. Virol. 52, 610-613; Vousden et al . , 1988, Oncogene 

i Res ." -3, --l---9r-Bedel-l- -et -al-.^- 19-87--, --J-.-~Vi^^^^ -3-63-5— 

3640) and correlated with its capacity to bind the 
2 product of the retinoblastoma (Rb) gene (Munger et al . , 

25 1989, EMBO J. 8, 4099-4105; Heck et al., 1992, Proc. 
Natl. Acad. Sci. USA 89, 4442-4446). Moreover, Crook et 
al. (1991, Cell 67, 547-556) have shown that the E6 
antigen of HPV-16 and 18 can complex the product of the 
p53 gene, which explains its predominant role in cell 
30 transformation . 

The pathologies associated with the HPV viruses 
pose a therapeutic problem because of their persistent 
and recurring nature. Although the conventional 
approaches remain surgery and chemotherapy, 
35 immunotherapy is now envisaged for the treatment of 
these diseases. The ideal candidate vaccine should, for 
preventive purposes (immunoprophylaxy ) , prevent the 
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infection from becoming durably established and from 
spreading to the neighboring tissues and, for curative 
properties (immunotherapy), reduce the tumor 
progression in the infected patients. It has been 
proposed up until now to use the capsid antigens to 
induce the production of antibodies against the 
epitopes located at the surface of the viral particles 
and the early proteins to establish cellular immunity 
against cells infected after integration of the viral 
DNA. 

In this regard, European patent EP 0,452,187 
describes a therapeutic approach involving 
administration of poxvirus expressing the 

papillomavirus early genes. The vaccination approach 
described in WO 93/02184 is based on the use of capsid 
antigens as immunogenic agents and in particular of 
viral particles empty of DNA (VLP for virus-like 
particles) reconstituted in vitro, French application 
96 09584 discloses a composition combining the 
preventive effect provided by the early polypeptides 
and the curative effect conferred by the papillomavirus 
Tatre" ~ poTypept'i'de's". H'owever", up~ unti"l now, viral- 
proteins have been used which are optionally mutated so 
as to abolish their transforming activity, but which 
are nevertheless native from the point of view of , their 
cellular location . 

The present invention proposes to use 
immunogenic proteins whose location has been modified 
with the aim of enhancing their accessibility to the 
host's immune system, in order to enhance or stimulate 
an immune response toward the tumor or the cancer to be 
treated, whether it is specific or non-specific and of 
the humoral type (production of antibodies) or of the 
cellular type (cytotoxic response CTL) . 

The HPV-16 E6 and E7 nuclear antigens have now 
been modified by introducing appropriate anchoring and 
secretory sequences so as to confer a transmembrane 
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presentation on them. The change in location has a 
beneficial effect on the immune response which results 
in a higher antitumor activity in animals treated with 
a vaccinia virus co-expressing the membrane E6 and E7 
5 antigens and human IL-2, compared with those which 
received an equivalent virus producing the nuclear 
antigens. The aim of the present invention is to make 
available to the public antitumoral compositions which 
are more effective than "the compositions of the prior 

10 art, for inhibiting, at least partially, the 
establishment or the progression of a tumor or of a 
cancer. A particularly useful application is the 
treatment of HPV infections and more particularly of 
serious pathologies such as cancer of the cervix. 

15 Accordingly, the subject of the present 

invention is an antitumoral composition comprising, as 
therapeutic or prophylactic agent, one or more 
immunogenic polypeptides, at least one of said 
polypeptides being modified so as to have a location 

20 different from its native location. 

For the purposes of the present invention, the 

" "term "''"immunogeni c "p"o1L ypBptxde'"^ -de-srgnBt e-s— a -pol-ypep t-ide- 

whose equivalent does not exist in the normal cells. A 
preferred example consists of a tumor-specific antigen. 

25 By way of illustration, there may be mentioned the 
cellular antigens whose expression occurs during the 
f eto-embryonic period and regresses at birth until it 
disappears, the antigens which are normally expressed 
at a very low level and which, when expressed at a high 

30 level, become characteristic of a tumor, the cellular 
antigens whose structure or conformation is modified or 
alternatively the noncellular antigens, in particular 
the viral antigens which are derived from an oncogenic 
virus. They may be for example the products of 

35 expression of the genes BRCA-1 (Miki et al., 1994, 
Science 226, 66-71), BRCA-2 (Wooster et al., 1995, 
Nature 378, 789-792), MUC-1 (Hareuveni et al., 1990, 
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Proc. Natl. Acad. Sci. USA 81, 9498-9502), CEA and the 
like, of which certain mutations or the overexpression 
are involved in the cancerous development. As regards 
viral antigens, there may be mentioned more 
5 particularly the products of expression of the 
papillomavirus early or late genes, Epstein-Barr virus 
EBNA-1, the antigens of the HTLV (Human T Lymphocyte 
Virus) I and II viruses or of the hepatitis B and C 
viruses. The tumor-specific antigens are widely 
10 described in the literature accessible to persons 
skilled in the art. 

The essential characteristic of the polypeptide 
^„ -hino r^T-fi^Qc^ni- invention is havinq a location 

different from its native location. The mechanisms of 
15 transport and the signals involved are described in 
cell biology books (see for example Molecular Biology 
of the Cell, Third Ed. Garland Publishing Inc. NY & 
London) . Briefly, the great majority of polypeptides 
are synthesized on free ribosomes in the cytosol where 
20 they exert their activity. However, some polypeptides 
have a different cellular destination which is 

appr-op-ri-ate- 

peptide signals, and must be transported up to it. 
Thus, the polypeptides intended to be exported toward 

25 the plasma membrane or secreted outside the cell are 
synthesized by ribosomes associated with the 
endoplasmic reticulum (ER) generally in the form of 
precursors comprising, at their amino-terminal end, 
secretory sequence (or signal peptide) which initiates 

30 their passage into the ER. It is then removed by a 
specific endopeptidase to give the mature polypeptide. 
A secretory sequence usually comprises 15 to 35 
essentially hydrophobic amino acids. There is no 
consensus sequence and it appears that it is the 

35 secondary structure which determines recognition by the 
endopeptidase. However, the proteolytic cleavage most 
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often takes place after a glycine, serine or alanin 
residue . 

The membrane proteins generally comprise an 
anchoring sequence of a highly hydrophobic nature which 
remains inserted in the plasma membrane. The 
polypeptide may be transmembranous with one of its ends 
exposed to the outside of the cell, the anchoring 
sequence crossing the membrane and the other end on the 
cytosolic side. In most' cases, the polypeptide chain 
embedded in the lipid double layer of the membrane has 
an a-helix conformation (see for example Branden and 
Tooze, 1991, in Introduction to Protein Structure 
p. 202-214, NY Garland) . 

As for the nuclear location, it may be 
conferred by the presence of a short so-called nuclear 
localization sequence (NLS) composed mainly of 
positively charged residues such as lysine and 
arginine. There may be mentioned by way of examples 
nuclear translocation signals KRKKRK and RKRRKR present 
in the HPV LI and L2 polypeptides (Zhou et al., 1991, 
Virology 185, 625-632) . However, some polypeptides 
" exe'rting" "their ^unction"~inside" "the" "nucleus"" -do— not 
possess a typical NLS sequence. It is the case of the 
papillomavirus E6 and E7 antigens. 

The immunogenic polypeptide contained in the 
composition according to the invention may result from 
the introduction and/or deletion of appropriate 
localization signals within a native polypeptide, a 
fragment thereof, a chimera comprising sequences of 
different origins or a variant (deletion, insertion 
and/or substitution of one or more amino acids). More 
particularly, its amino acid sequence exhibits a degree 
of similarity, with all or part of the sequence of the 
native polypeptide from which it is derived, greater 
than 70%, advantageously greater than 80% and 
preferably greater than 90%. The degree of similarity 
can be easily calculated with the aid of an appropriate 
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computer program or by aligning the sequences so as to 
obtain the maximum degree of homology and by counting 
the number of positions in which the amino acids of the 
two sequences are found to be identical relative to the 
total number of positions. 

Persons skilled in the art know the signals 
which allow a change in the cellular presentation of a 
polypeptide. In the case where it is desirable for the 
immunogenic polypeptide to be secreted, the addition of 
a secretory sequence to its amino-terminal end will 
allow its transport via the ER to the outside of the 
host cell. The insertion preferably takes place 

J ^/-^t.Tr^ 0+- vciam f^f th^ rnHoFi for initiation of 

translation. In the context of the present invention, 
it may be advantageous to mutate/delete all or part of 
the residues determining the native location, in order 
to avoid interference. For example, if the native 
polypeptide has a membrane destination, it .already 
comprises a secretory sequence and the hydrophobic 
anchoring sequence will be optionally mutated or 
deleted. In addition, . the inactivation (by 
mut a t ion/de le t ion ) "of ~ the""" na t ive~"s fgnal s'" ca'n" " alTow" ""a ^ 
cytoplasmic location. The cytoplasmic presentation of 
an immunogenic peptide normally having a different cell 
location (for example nuclear, membrane, secreted and 
the like) can promote peptide presentation mediated by 
the class I antigens of the major histocompatibility 
complex and the CTL response in vivo (Tobery and 
Siliciano, 1997, J. Exp. Med. 5, 909-920). Another 
embodiment which may be envisaged consists in fusing 
the immunogenic polypeptide with ubiquitin, also with 
the aim of stimulating a potent CTL response. 

Advantageously, a composition according to the 
invention comprises an immunogenic polypeptide modified 
so as to have a membrane location, preferably by 
inserting a membrane anchoring sequence and, in the 
case where the native polypeptide lacks it, a secretory 
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sequence. The preferred site of insertion of the 
secretory sequence is the N-terminal end, as indicated 
above, and that of the membrane anchoring sequence is 
the C-terminal end, for example immediately upstream of 
the stop codon. In this context, it may also be 
advantageous to carry out the mutation/deletion of all 
or part of the native localization signals (for example 
NLS sequence) so as not to interfere with the new 
location . 

The choice of the localization signal which can 
be used in the context of the present invention is 
vast. It may be derived from any protein comprising it, 

4-^„ ^^-irx-ir, ,^T- othprwise (virus, parasite, 

or eucdj-yuuxi- Kjj-A.-^^i'. -^^ 

fungus and the like) as long as it is recognized by the 
cell to be treated. It may be natural or synthetic, 
heterologous or homologous with respect to the latter. 
It may also comprise one or more modifications relative- 
to the signal from which it is derived, with the 
proviso that it/they does not affect its function. As a 
guide, it will be preferable to use the membrane 
anchoring and/or secretory sequences of the rabies 
gl^coprotei"^ ~of~ ttre~HW'Viru"i~iiiv " 

the measles virus F protein. In the case where the 
modification of the immunogenic polypeptide involves 
several localization signals (for example membrane 
anchoring and secretory sequence) , these may have a 
common or different origin. 

It is also possible to use localization signals 
targeting a particular cellular compartment. There may 
be mentioned in particular a consensus sequence for 
endocytosis (for example that present in the C-terminal 
region of the iiranunoglobulin IgGl heavy chains having 
the sequence IPNYRNM; Kaisho et al., 1997, Science 276, 
412-414) or a sequence allowing targeting into the 
membrane of the Golgi apparatus (Mochamer and Rose, 
1987, J. Cell Biol. 105, 1205-1214; Mochamer, 1993, 
Curr. opin. Cell Biol. 5, 506-612). It is possible in 
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particular to envisage the use of Coronavirus El 
glycoprotein-derived sequences disclosed in the Swiss- 
Prot data bank under accession P11222. The 
incorporation of this type of sequence at the 
C-terminal end of the immunogenic polypeptide is 
preferred. 

Moreover, the modification of cell location may 
be performed by any conventional technique, in 
particular by site-directed mutagenesis, ligation of 
exogenous signals or PGR. 

According to a preferred embodiment, an 
antitumoral composition according to the invention is 
intended for the treatment or prevention of 
papillomavirus infections and of disorders resulting 
therefrom, in particular low-grade cervical dysplasias 
and cancer of the cervix.. According to this embodiment, 
it comprises at least one immunogenic polypeptide 
originating from an early and/or late region of a 
papillomavirus, in particular of a high-risk virus such 
as HPV-16, 18, 31, 33 or 45. 

In accordance with the aims pursued by the 
"present' ~inve'ntio'n7 it ^ i~s~"possibIe "To"' us'e~'one"~or "more" 
immunogenic papillomavirus polypeptides of any type. As 
recalled above, their genome encodes 8 polypeptides, 
two late polypeptides LI and L2 comprising the viral 
capsid and 6 early polypeptides (El, E2, E4, E5, E6 and 
E7) involved in the regulation, the maintenance of the 
viral genome and the transformation of the infected 
cells . 

As regards an immunogenic polypeptide of the 
early type, the choice is advantageously made to use a 
polypeptide derived from E6 or E7 , modified in 
particular so as to have a membrane location. Given the 
observations recalled above on the transforming power, 
there is preferably used a nononcogenic variant mutated 
in the region involved in the process of cell 
transformation. Such variants are described in the 
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literature (Munger et al., 1989, EMBO J. 4099-4105; 
Crook et al., 1991, Cell 61, 547-556; Heck et al., 
1992, Proc. Natl. Acad. Sci. USA 89, 4442-4446; Phelps 
et al., 1992, J. Virol. 66, 2418-2427). An immunogenic 
5 polypeptide which is particularly suitable for the 
purposes of the present invention is the HPV-16 E6 
antigen deleted for residues 111 to 115 ( + 1, 
representing the first amino acid of the native viral 
antigen) and fused witK the secretory and anchoring 

10 signals of the measles virus F protein (SEQ ID N0:1). 
It is also possible to use the HPV-16 E6 antigen 
deleted for residues 22 to 25 and fused with the 
anchoring and secretory sequences of the rabies 
glycoprotein (SEQ ID N0:2) . 

15 The antitumoral composition according to the 

invention may also comprise an immunogenic polypeptide 
originating from the late region of a papillomavirus, 
derived from LI or L2 . 

Of course, the antitumoral composition 

20 according to the invention may comprise several 
immunogenic polypeptides, of which at least one has a 
ceTi " To c at i^ n dif f eren t~~f r om t"s""nati v e^ " ro^a t i"b h^." " T h ere ^ 
may be mentioned, to illustrate a composition combining 
several polypeptides derived from papillomaviruses, 

25 those which may have a common or different origin (for 
example HPV-16 and 18 with the aim of broadening the 
activity spectrum) . A composition combining several 
polypeptides of early origin would make it possible to 
enhance the therapeutic effects. The combination of the 

30 polypeptides derived from LI and L2 could have a 
beneficial effect on the preventive properties of the 
composition. Finally, a composition which is most 
particularly suitable for the aims pursued by the 
present invention comprises at least one early 

35 polypeptide and at least one late polypeptide of a 
papillomavirus so as to combine the preventive and 
curative effect. According to a preferred embodiment, 
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at least one of the immunogenic polypeptides of early 
origin is modified so as to have a membrane location by 
the addition of secretory and anchoring sequences such 
as those cited above. 

In this regard, a preferred composition 
according to the invention comprises: 

(1) an immunogenic polypeptide having a sequence 
homologous or identical to all or part of 
that shown in SEQ ID NO: 1, 

(2) an immunogenic polypeptide having a sequence 
homologous or identical to all or part of 
that shown in SEQ ID NO: 2, 

(3) an iiTununogenic polypeptide having a sequence 
homologous or identical to all or part of 
that shown in SEQ ID NO: 1 and an immunogenic 
polypeptide having a sequence homologous or 
identical to all or part of that shown in SEQ 
ID NO: 2, 

(4) an immunogenic polypeptide having a sequence 
homologous or identical to all or part of 
that shown in SEQ ID NO: 1, an immunogenic 
polypeptide derived from the protein Li of a 
papillomavirus and/or an immunogenic 
polypeptide derived from the protein L2 of a 
papillomavirus , 

(5) an immunogenic polypeptide having a sequence 
homologous or identical to all or part of 
that shown in SEQ ID NO: 2, an immunogenic 
polypeptide derived from the protein LI of a 
papillomavirus- and/or an immunogenic 
polypeptide derived from the protein L2 of a 
papillomavirus, or 

(6) an immunogenic polypeptide having a sequence 
homologous or identical to all or part of 
that shown in SEQ ID NO: 1, an immunogenic 
polypeptide having a sequence homologous or 
identical to all or part of that shown in SEQ 
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ID NO: 2, an immunogenic polypeptide derived 
from the protein LI of a papillomavirus 
and/or an immunogenic polypeptide derived 
from the protein L2 of a papillomavirus. 
The term "homologous" refers to a degree of 
identity with said sequence greater than 70%, 
advantageously greater than 80%, preferably greater 
than 90% and most preferably greater than 95%. 

Advantageously, ' an antitumoral composition 
according to the invention may comprise, in addition, 
at least one compound enhancing its antitumoral effect, 
with the aim of increasing the intensity of the immune 
response specifically or otherwise. In addition to the 
adjuvants, the immunostimulators represent particularly 
preferred compounds . " Immunostimulator" is understood 
to mean a compound having the capacity to strengthen a 
humoral immune response so as to amplify the production 
of antibodies directed against the immunogenic 
polypeptide or a cell-mediated immune response, so as 
to trigger a significant cytotoxic response against 
tumor or infected cells. As a guide, the 
inununostimulation ^ma"y " be" " evaluated" Tn " a" ""cancerous " 
animal model by comparing the rate of rejection in an 
animal treated with the immunogenic polypeptide, in the 
presence and in the absence of the immunostimulator. 
More generally, the means for demonstrating an 
irmnunostimulation are indicated in Roitt {Immunology, 
4^^ edition, Moby Ltd) . One of the advantages of such a 
composition is that it combines the specific immunity 
induced by the immunogenic polypeptide and the 
aspecific immunity induced by the immunostimulatory 
molecule. 

In the context of the present invention, it is 
possible to use a native immunostimulator, in 
particular of human origin, a portion thereof, a 
chimera obtained from the fusion of sequences of 
diverse origins or a mutant, on the condition, however, 
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that the immunostimulatory function is conserved. Among 
all the molecules which may be envisaged, it is 
preferable to use an immunostimulator chosen from 
interleukin-2, interleukin-7 , interleukin-12 and the 
coadhesion molecules B7 . 1 and B7 . 2 . It should be stated 
that interleukin-2 and the molecule B7 . 1 are 
particularly preferred. 

In general, the immunogenic and 

immunostimulatory polypeptides may be produced by 
conventional chemical synthesis methods or by 
recombinant DNA techniques (see for example Maniatis et 
al., 1989, Laboratory Manual, Cold Spring Harbor, 
Laboratory Press, Cold Spring Harbor, NY). More 
particularly, a method of preparation comprises the act 
of culturing a cell transformed with a DNA fragment 
encoding the polypeptide in question to generate a 
producing cell and the act of harvesting said 
polypeptide from the culture. The producing cell may be 
of any origin and without limitation a bacterium, 
yeast or a mammalian cell, insofar as the DNA fragment 
considered is e ithe r _int_egra_ted _into^ its J^'^^^^ 
integrated into an appropriate expression vector. Of 
course, the DNA fragment is placed under the control of 
transcriptional and translational signals allowing its 
expression in the producing cell. Expression vectors 
and control signals are known to persons skilled in the 
art . 

The present invention also relates to an 
antitumoral composition comprising, as therapeutic or 
prophylactic agent, at least one recombinant vector 
comprising the sequences encoding one or more 
immunogenic polypeptides, at least one of said 
polypeptides being modified so as to have a location 
different from its native location and, optionally, a 
compound enhancing the antitumoral effect. This type of 
composition has the advantage of an inexpensive 
production and of high stability under varying 
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environmental conditions. In particular, the storage 
conditions are less constraining. The polypeptides have 
the characteristics as defined above. 

The sequences encoding the immunogenic 
5 polypeptide or enhancing the antitumoral effect may be 
obtained by cloning, by PGR (Polymerase Chain Reaction) 
or by chemical synthesis according to the conventional 
techniques in common use and using the literature data. 
As regards the preferred embodiment, the sequences 
10 encoding the papillomavirus polypeptides may be chosen 
from papillomavirus-positive cells obtained from 
patients or from collections. The insertion of the 

appropriate xu^^axxz-a ux^^n oj-yiiau.^ n^^j, — 

molecular biology techniques. The sequences encoding 
15 the immunostimulator may be cloned from the cellular 
DNA or from the messenger RNAs of a cell in which it is 
expressed. Persons skilled in the art are capable of 
generating the appropriate probes or primers from the 
published data. It should be stated that the nucleotide 
20 sequence of the HPV-16 and 18 genomes is disclosed in 
Genbank under accession numbers K02718 and X05015 
respectively. The sequence of the human IL-2 gene is 
described in French patent 85 09480 and in Taniguchi et 
al. (1983, Nature 302, 305-311) and that encoding the 
25 B7.1 antigen in Freeman et al . (1989, J. of Immunology 
143, 2714-2722) . 

A vector which can be used in the context of 
the invention may be a plasmid or viral vector, derived 
in particular from a poxvirus, an adenovirus, a 
30 retrovirus, a herpesvirus or an adenovirus-associated 
virus. Advantageously, it will be a nonintegrative 
vector having an attenuated virulence. Such vectors and 
the techniques for their preparation are known to 
persons skilled in the art. 
35 In the case where an adenoviral vector is used, 

use will be preferably made of a nonrepetit ive factor 
by deleting regions essential for replication and, in 
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particular, most of the El region so as to avoid its 
propagation in the host organism or the environment. It 
goes without saying that other regions of the 
adenoviral genome, in particular within the E2, E4 
5 and/or L1-L5 regions, may be modified or deleted, 
insofar as the defective essential functions are 
complemented in trans. To illustrate these embodiments, 
there may be mentioned the heat-sensitive mutation 
affecting the DBP (for DNA Binding Protein) gene of the 

10 E2A region (Ensinger et al., 1972, J. Virol. 10, 328- 
339) . A partial deletion of the E4 region, with the 
exception of the sequences encoding the open reading 
frames (UKt) o anu / mciy axow ^^^^^^ ^..^^..^^ 

al., 1989, Nucleic Acids Res. 17, 3037-3048). Another 

15 possibility is the total deletion of the 
transcriptional unit E4 . Moreover, the adenoviral 
vector according to the invention may lack all or part 
of the nonessential region E3 . According to this 
alternative, it may be advantageous to conserve, 

20 nevertheless, the E3 sequences encoding the 

PplyP^P^:^!.^ which _m_ake _it^ _^_?„_^^^?^ 
host's immune system, in particular the glycoprotein 
gpl9k (Gooding et al . , 1990, Critical Review of 
Immunology 10, 53-71). A preferred adenoviral vector 

25 according to the invention will exhibit minimum 
retention of the sequences essential for encapsidation, 
namely the 5' and 3' ITRs (Inverted Terminal Repeat) 
and the encapsidation region. It should be stated that 
it may be derived from a human or animal adenovirus and 

30 from any serotype. The subgroup C human adenoviruses 
and in particular the adenoviruses 2 (Ad2) and 5 (Ad5) 
are most particularly suitable for carrying out the 
invention. The different adenoviral vectors as well as 
the techniques for their preparation are conventional 

35 and are described in Graham and Prevect (1991, in 
Methods In Molecular Biology, vol 7, p 109-128; Ed: 
E.J. Murey, The Human Press Inc.) and in international 
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application WO 94/28152. For example, it may be 
generated in vitro in Escherichia coll (E.coli) by 
ligation or homologous recombination (see for example 
international application WO96/17070) or by 
5 recombination in a complementation line. 

If a retrovirus is used, the LTRs (Long 
Terminal Repeat) and the encapsidation sequences (see 
for example Naviaux and Verma, 1992, Current Opinion in 
Biotechnology 3, 540-547) are conserved. The sequence 
10 encoding the immunogenic polypeptide ( s ) may be placed 
under the control of the retroviral LTR or of an 
internal promoter such as those described below. It may 
be derived rrom a reLj:uvxj_uD ui. any ^^J^^^^J.x , 
primate, feline, human and the like) and in particular 
15 from MoMuLV (Moloney murine leukemia virus), MVS 
(Murine sarcoma virus) or Friend murine retrovirus 
(Fb29) . It may also comprise modifications especially 
at the level of the LTRs (replacement of the promoter 
region by a eucaryotic promoter) or of the 
20 encapsidation region (replacement by a heterologous 
encapsidation_ regi^on, for example of the VL30 type) 
(see French applications 94 08300 and 97 05203). 

According to an advantageous embodiment, a 
recombinant vector according to the invention is 
25 derived from a poxvirus and in particular from an avian 
poxvirus, such as a canary poxvirus, from a fowlpox or 
from a vaccinia virus, the latter being preferred. 
Among all the vaccinia viruses which may be envisaged 
in the context of the present invention, the 
30 Copenhagen, Wyeth and modified Ankara (MVA for Modified 
Vaccinia Virus Ankara) strains are preferably chosen. 

Generally, the site of insertion is chosen in a 
region nonessential to replication, such that the 
replication and propagation capacities of the 
35 recombinant virus are not impaired. As a guide, when a 
Copenhagen strain of virus is used, the preferred site 
of insertion is the TK locus, which has the effect of 
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inactivating the latter and thereby facilitating the 
selection of the recombinants. It is also possible to 
use the KIL locus. As regards an MVA virus, the 
insertion of the recombinant (immunogenic and 
5 immunostimulatory) sequences may be carried out inside 
at least one of the excisions I to VI and, in 
particular II or III (Meyer et al., 1991, J. Gen. 
Virol. 72, 1031-1038; Sutter et al., 1994, Vaccine 12, 
1032-1040) . The insertion may also take place in an 
10 essential viral region, such as the D4R region, it 
being possible for the defective function to be 
provided in trans for example by means of a 
complementation line . 

Of course, in the context of the present 
15 invention, the sequences encoding the immunogenic 
polypeptide or enhancing the antitumoral effect are 
placed under the control of elements necessary for 
their expression in' a host cell or organism. They 
include the elements for. regulating transcription as 
20 well as signals for initiation and termination of 
translation. Amo ng the m, the prom oter j.s^ of particular 
importance. In general, use will be made of a promoter 
which is functional in the host organism or cell which 
it is desired to treat and which is suitable for the 
25 vector used. In addition, it may be modified so as to 
contain regulatory sequences, for example an element 
activating transcription or sequences responding to 
certain cellular signals. In this regard, it may be 
advantageous to use a tissue-specific promoter since 
30 the lesions associated with papillomaviruses are 
located at the level of the genital tracts or a 
promoter responding to signals which are specifically 
tumoral (for example which is activated in the presence 
of growth factors which are generally overexpressed by 
35 tumor cells) so as to limit expression to the tumor 
cells alone. 



REPLACEMENT SHEET (RULE 26) 



- 18 - 

Among the promoters which may be envisaged in 
the context of the invention, there may be mentioned 
the SV4 0 (Simian Virus 40) promoter, the HMG (Hydroxy- 
Methyl-Glutaryl-coenzyme A) promoter, the TK (Thymidine 
Kinase) promoter, the CMV (cytomegalovirus) promoter, 
the RSV (Rous Sarcoma Virus) promoter, the MLP promoter 
(Major Late Promoter) which is suitable for adenoviral 
vectors and the LTR of the Mo-MLV (Moloney Murine 
Leukemia Virus) which"' is more specific for the 
retroviral vectors. The cytomegalovirus (CMV) early 
promoter is most particularly preferred. It may also be 
a promoter stimulating expression in a tumor or cancer 
cell. There may be mentioned in particular the 
promoters of the MUC-1 gene which is overexpressed in 
breast and prostate cancers (Chen et al . , 1995, J. 
Clin. Invest. 96, 2775-2782), the tyrosinose gene which 
is overexpressed in melanomas (Vile et al., 1993, 
Cancer Res. 53, 3860-3864) and the ERB-2 gene which is 
overexpressed in cancers of the breast and of the 
pancreas (Harris et al., 1994 , Gene Therapy 1, 170- 
175) . The promoters in question are described in the 
literature and may be cloned from the cellular or viral 
genome by conventional techniques. 

As regards a poxviral vector, use may be made 
of a pox promoter, for example 7.5K, H5R, TK, p. 28, 
p. 11 or KIL of the vaccinia virus. A synthetic promoter 
is also suitable for carrying out the present invention 
(see for example Chakrabarti et al . , 1997, 
Biotechniques 23, 1094-1097; Hammond et al., 1997, J. 
Virological Methods 66, 135-138 and Kumar and Boyle, 
1990, Virology 1 79, 151-158). In this regard, it is 
advantageously a chimeric promoter between a late 
promoter and an early promoter. 

Moreover, the elements necessary for the 
expression may also comprise sequences enhancing 
expression or maintenance in the host cell (intron, 
sequence for terminating transcription, site of 
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initiation of translation and the like) . However, in 
the case of a poxviral vector, the use of introns will 
be avoided. 

A composition according to the invention may 
5 comprise one or more recombinant vectors expressing 
sequences corresponding to the chosen polypeptides 
placed under the control of independent or common 
elements. According to the latter option, use may be 
made of sequences allowing initiation of translation 
10 internally (IRES) or of fusions in phase of the 
different genes. 

The general conditions for producing a 
recombinant vector used in the present invention are 
widely described in the state of the art. As regards a 
15 poxviral vector, reference may be made to European 
patent EP 83 286 whose content is incorporated therein 
by reference. These conditions are applicable to the 
other viruses acceptable as vector which possess 
genomic region into which the units of expression may 
20 be incorporated. Of course, they may be inserted into 
the same locus or a different locus. 

In accordance with the aims pursued by the 
present invention, a recombinant vector may in addition 
comprise a unit for expressing a selectable marker gene 
25 so as to facilitate the steps of isolation and 
purification of the recombinant virus. There may be 
mentioned in particular the neo gene which confers 
resistance to the antibiotic G418, the pac gene for 
resistance to puromycin, the TK gene of the herpes 
30 simplex virus type 1 (HSV-1) which confers sensitivity 
to certain nucleoside analogs such as ganciclovir or 
acyclovir, the gpt (xanthine guanine phosphoribosyl 
transferase) gene, the bacterial genes LacZ encoding p- 
galactosidase and gus A encoding p-glucuronidase . The 
35 latter two enzymatic markers make it possible to 
identify the recombinant viruses by staining in the 
presence of the substrates X-Gal ( 5-bromo-4 -chloro-3- 
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indolyl-p-D-galactopyranoside) and XglcA (5-bromo-6- 
chloro-3-indolyl-p-D-glucoronide) respectively. 

A preferred antitumoral composition is intended 
for the treatment or the prevention of a papillomavirus 
infection or tumor, and comprises at least one vaccinia 
virus of the Copenhagen or MVA strain into which there 
have been inserted: 

(1) the sequences encoding an immunogenic 
polypeptide having a sequence homologous or 
identical to all or part of that shown in SEQ 
ID NO: 1, 

(2) the sequences encoding an immunogenic 
polypeptide having a sequence iiomo-i.ogous or 
identical to all or part of that shown in SEQ 
ID NO: 2, 

(3) the sequences encoding an immunogenic 
polypeptide having a sequence homologous or 
identical to all or part of that shown in SEQ 
ID NO: 1 and an immunogenic polypeptide 
having a sequence homologous or identical to 
all or part of that shown in SEQ ID NO: 2, 

(4) the sequences encoding an immunogenic 
polypeptide having a sequence homologous or 
identical to all or part of that shown in SEQ 
ID NO: 1, an immunogenic polypeptide derived 
from the protein LI of a papillomavirus 
and/or an immunogenic polypeptide derived 
from the protein L2 of a papillomavirus, 

(5) the sequences encoding an immunogenic 
polypeptide having a sequence homologous or 
identical to all or part of that shown in SEQ 
ID NO: 2, an immunogenic polypeptide derived 
from the protein LI of a papillomavirus 
and/or an immunogenic polypeptide derived 
from the protein L2 of a papillomavirus, or 

(6) the sequences encoding an immunogenic 
polypeptide having a sequence homologous or 
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identical to all or part of that shown in SEQ 
ID NO: 1, an immunogenic polypeptide having a 
sequence homologous or identical to all or 
part of that shown in SEQ ID NO: 2, an 
5 immunogenic polypeptide derived from the 

protein LI of a papillomavirus and/or an 
immunogenic polypeptide derived from the 
protein L2 of a papillomavirus. 
Said composition may also comprise the 
10 sequences encoding an immunostimulator preferably 
chosen from IL-2 or B7 . 1 . It may be carried by one of 
the recombinant vectors allowing the expression of the 
immunogenic gene(s) or by an independent vector. 

A composition according to the invention may be 
15 prepared according to methods known in the field of 
vaccines and the applicable doses may vary within a 
broad range. They depend in particular on the 
polypeptides and the vector used, the pathology to be 
treated, the condition of the patient and on other 
20 parameters which may be evaluated by the clinician. 

Howeve r, in general,^ the _virus dose will be lO^^to^ 10^^, 

advantageously 10^ to 10^^ and preferably 10^ to 10^ 
plaque-forming units (pfu) when the therapeutic agent 
is a viral vector and 0.05 to 500 mg, advantageously 
25 0.5 to 200 mg and preferably 1 to 100 mg when the 
therapeutic agent is of polypeptide origin. 

A composition according to the invention may be 
administered by any conventional route of 
administration, preferably by the systemic route and in 
30 particular by the intramuscular, intravenous, 
intrapulmonary, subcutaneous or subepithelial route or 
by scarification. In the case of an accessible tumor, 
it is also possible to use direct injection into the 
site or in the vicinity of the tumor or a topical 
35 application. As vaccine, a composition according to the 
invention may be administered according to practices 
which are common in the field, for example as a single 



REPLACEMENT SHEET (RULE 2 6) 



- 22 - 

dose or as a dose repeated once or several times after 
a certain time interval. On the other hand, in the 
context of a curative treatment, it can be administered 
frequently for a period sufficient for the treatment to 
be effective. When the therapeutic agent is a viral 
vector, the virus is preferably in a live form. As 
regards a poxviral vector, it is preferable to use an 
attenuated strain such as the MVA strain or the 
thymidine kinase-negative"" Copenhagen strain. Finally, a 
recombinant viral vector may be attenuated by an 
appropriate chemical treatment known to persons skilled 
in the art. However, it is also possible to envisage 
injecting a killed recombinant vector. 

According to a preferred embodiment, an 
antitumoral composition according to the invention 
comprises a therapeutically effective quantity of the 
therapeutic agent in combination with a 
pharmaceutically acceptable carrier. The carrier is 
chosen so as to allow its administration by injection 
into humans or into animals. It may also comprise a 

ye^hicle,_ a diluent and/or an adjuvant and may be 

provided in liquid or lyophilized form. In this regard, 
the combination of one or more substances capable of 
enhancing the transfection efficiency and/or the 
stability of the vector may be envisaged. These 
substances are widely documented in the literature 
which is accessible to persons skilled in the art (see 
for example Feigner et al., 1989, Proc. West. 
Pharmacol. Soc. 32, 115-121; Hodgson and Solaiman, 
1996, Nature Biotechnology 14, 339-342, Remy et al., 
1994 , Bioconjugate chemistry 5, 647-654) . By way of 
nonlimiting illustration, they may be polymers, lipids, 
in particular cationic lipids, liposomes, nuclear 
proteins and neutral lipids. A combination which may be 
envisaged is a plasmid vector combined with cationic 
lipids (DC-Chol, DOGS, and the like), and neutral 
lipids (DOPE) . The composition may also be combined 
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with other substances, in particular anticancer 
substances, it being possible for the latter to be 
administered separately or concomitantly. The ligand 
Flt3 is an example among others (Lynch et al., 1997, 
Nature Medicine 3, 625; Brasel et al., 1996, Blood 88, 
2004-2012; Marakovsky et al., 1996, J. Exp. Med. 184, 
1953-1962) . It should be stated that the composition 
may be in the form of pseudoparticles when it comprises 
the polypeptides Ll and/or L2 . 

The subject of the present invention is also a 
recombinant vector comprising at least the sequences 
encoding an immunogenic polypeptide originating from an 
early and/or late region of a papillomavirus, said 
polypeptide having the characteristics defined above. 
It may in addition carry other sequences of interest, 
for example encoding one or more other immunogenic 
and/or immunostimulatory peptides, as described above. 

The choice of a vector according to the 
invention is wide. It may be a plasmid or viral vector 
such as those cited above. A preferred embodiment 
consists of a poxviral vector and most particularly a 
vaccinia virus of the Copenhagen or MVA strain. The 
sites of insertion and the elements necessary for the 
expression of the sequences of interest to be expressed 
may be chosen from those mentioned above. 

A preferred vector is a vaccinia virus of the 
Copenhagen or MVA strain into which there have been 
inserted : 

(1) the sequences encoding an immunogenic 
polypeptide having a sequence homologous or 
identical to all or part of that shown in SEQ 
ID NO: 1, 

(2) the sequences encoding an immunogenic 
polypeptide having a sequence homologous or 
identical to all or part of that shown in SEQ 
ID NO: 2, 
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(3) the sequences encoding an immunogenic 
polypeptide having a sequence homologous or 
identical to all or part of that shown in SEQ 
ID NO: 1 and an immunogenic polypeptide 

5 having a sequence homologous or identical to 

all or part of that shown in SEQ ID NO: 2, 

(4) the sequences encoding an immunogenic 
polypeptide having a sequence homologous or 
identical to all or part of that shown in SEQ 

10 ID NO: 1, an immunogenic polypeptide derived 

from the protein LI of a papillomavirus 
and/or an immunogenic polypeptide derived 
from the protein L2 of a papillomavirus, 

(5) the sequences encoding an immunogenic 
15 polypeptide having a sequence homologous or 

identical to all or part of that shown in SEQ 
ID NO: 2, an immunogenic polypeptide derived 
from the protein Ll of a papillomavirus 
and/or an immunogenic polypeptide derived 
20 from the protein L2 of a papillomavirus, or 

(6) the sequences encoding an immunogenic 



polypeptide having a sequence homologous or 
identical to all or part of that shown in SEQ 
ID NO: 1, an immunogenic polypeptide having a 
25 sequence homologous or identical to all or 

part of that shown in SEQ ID NO: 2, an 
immunogenic polypeptide derived from the 
protein Ll of a papillomavirus and/or an 
immunogenic polypeptide derived from the 
30 protein L2 of a papillomavirus. 

It may optionally also include the sequences 
encoding IL2 or the polypeptide B7 . 1 . 

The present invention also relates to a viral 
particle prepared from a recombinant viral vector 
35 according to the invention. As regards an adenoviral 
vector, the viral particles may be generated by 
transfecting the vector into a complementation cell 
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suitable for its deficiencies. Use may be made for 
example of the 293 line established from human 
embryonic kidney cells, which efficiently complements 
the El function (Graham et al., 1977, J. Gen. Virol. 
5 36r 59-72), the A549-E1 line (Imler et al., 1996, Gene 
Therapy 3, 75-84) or a line allowing a double 
complementation (Yeh et al., 1996, J. Virol. 70, 559- 
565; Krougliak and Graham, 1995, Human Gene Therapy 6, 
1575-1586; Wang et al., '1995 Gene Therapy 2, 775-783; 

10 international application WO97/04119) . Complementation 
cell is understood to mean a cell capable of 
complementing in trans a defective vector in order to 
generate a viral particle. Said cell may not on its own 
complement all the defective functions of the vector 

15 and, in this case, it is possible to use a helper virus 
for a partial complementation. The viral particle may 
be recovered from the culture supernatant but also from 
the cells. One of the methods commonly used consists in 
lysing the cells by consecutive freeze/thaw cycles in 

20 order to recover the virions in the lysis supernatant. 
These may be amplified and purified according to prior 
art techniques (chromatographic method, 

ultracentrif ugation in particular through a cesium 
chloride gradient and the like) . 

25 A retroviral particle can be obtained by 

transfecting the retroviral vector into an appropriate 
line, for example a line capable of providing in trans 
the viral polypeptides gag, pol and/or env whose 
sequences are deleted/nonfunctional in the vector. Such 

30 lines are described in the literature (PA317, Psi CRIP 
GP + Am-12 and the like) . 

As regards a poxviral vector, the general 
conditions for producing a vaccinia virus capable of 
expressing a heterologous gene are taught in European 

35 patent EP 83 286 and application EP 206 920. As for the 
MVA virus, it is more particularly described in Mayr et 
al. (1975, Infection 3, 6-14) and Sutter and Moss 
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Briefly, the gene(s) to be transferred, placed under 
the control of appropriate elements for its (their) 
expression in vivo, is (are) inserted into a transfer 
vector including viral sequences on either side of the 
site of insertion. It is introduced into cells infected 
with an infectious vaccinia virus. The recombinant gene 
is integrated into the viral genome by homologous 
recombination between the homologous sequences of the 
infectious virus and of the transfer vector. 

The recombinant vector or the viral particle 
may be optionally combined with one or more substances 
already mentioned, enhancing the transfection 
efficiency and/or the stability of the vector. 

In the context of the present invention, said 
immunogenic polypeptide may be anchored in the protein 
structure surrounding the viral particle (capsid, 
envelope and the like) . 

Poxviruses are complex structures surrounded by 
multiple membranes. Two types of viral particles are 
produced: the intracellular mature virions (IMV) and 
the extracellular enveloped virions (EEV) . The surface 
of the IMVs is composed of two superposed membranes and 
the envelope of the EEVs consists of four membranes 
including the plasma membrane. In accordance with the 
aims pursued by the present invention, the sequences 
encoding the' immunogenic polypeptide may also be 
modified for insertion into one or other of the 
poxviral membranes (IMV or EEV) with the aim of 
enhancing the immune response. According to an 
advantageous embodiment, the immunogenic peptide is 
anchored in the outer membrane of the envelope of an 
EEV particle (Katz et al. 1997, AIDS Res. Hum. Retrov. 
13, 1497-1500) . To do this, the sequences encoding the 
C-terminal part of the B5R protein, a protein 
constituent of said outer membrane, are inserted in 3' 
of the coding region of the immunogenic polypeptide 
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just upstream of the STOP codon. A completely preferred 
example is a fusion between the polypeptide E7 or one 
of its nononcogenic mutants and the 42 C-terminal 
residues of the B5R protein. The beneficial effect on 
the immune response may be evaluated by immuno- 
prophylactic and immunotherapeutic studies according to 
the protocol described in the following examples 
comparing the different formulations (native location, 
anchoring in the cell membrane, anchoring in the viral 
membrane) . 

The present invention also relates to the use 
of an antitumoral composition, of a recombinant vector 
or of a viral particle according to the invention, for 
the preparation of a medicament for the treatment or 
the prevention ' of cancer or of tumors and in particular 
of cancer of the cervix, of low-grade dysplasia of the 
cervix or of a papillomavirus infection. The preferred 
use is for the preparation of a medicament which can be 
injected by the intramuscular route. 

Finally, the present invention also relates to 
a method for the treatment or prevention of the 
pathologies cited above, according to which a 
pharmaceutically effective quantity of an antitumoral 
composition, of a recombinant vector or of a viral 
particle according to the invention is administered to 
an individual requiring such a treatment. 

The present invention is illustrated with 
reference to the following figures. 

Figure 1 is a schematic representation of 
pTG8042. BRG3 and BRD3 represent the left and right 
recombination arms allowing insertion at the level of 
the excision region III of the MVA virus. pTG8042 
comprises a cassette for expressing the HPV16 E6 gene 
fused with the signal sequence (SF) and the 
transmembrane region (TMF) of the measles virus F 
protein, directed by the 7.5k promoter; a cassette for 
expressing the IL-2 gene placed under the control of 
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the promoter pH5R; a cassette for expressing the HPV16 
E7 gene fused with the signal sequence (SR) and the 
transmembrane region (TMR) of the ' rabies glycoprotein, 
placed under the control of the p7 . 5 promoter and a 
5 cassette for expressing the gusA gene (uidA) placed 
under the control of the p7 . 5 promoter. 

Figure 2 is a schematic representation of the 
vector pTG9936. BRG3 and BRD3 represent the left and 
right recombination arms allowing insertion at the 
10 level of the excision region III of the MVA genome. The 
pTG9936 carries the promoter p4BKlL directing the 
expression of the gpt marker gene, the promoter p4BKlL 
directing the expression of the HPV16 L2 gene, the 
promoter pH5R directing the expression of IL-2, the 
15 promoter pllk7.5 directing the expression of the HPV16 
LI gene, the promoter p7 . 5 directing the expression of 
■5 the HPV16 E7 gene fused with the signal sequence (SR) 

% and the transmembrane region (TMR) of the rabies virus 

hD: glycoprotein followed by an IRES sequence and the HPV16 

:'5t 20 E6 gene fused with the signal sequence (SF) and the 

transmembrane region (TMF) of the measles virus F 

protein. 

[2 Figure 3 illustrates experiment N121 by 

presenting the percentage survival as a function of 

■^^S 25 time (in days) of the animals vaccinated before tumoral 

challenge with the virus MVATG8042, MVATG6090, MVAN33 
or with PBS. 

Figure 4 represents the percentage of animals 
without tumors as a function of time (in days) after 

30 administration of 10\ 10^ and 10^ pfu of virus MVAN33 
or MVATG8042 (experiment N127) . 

Figure 5 illustrates experiment N134 by 
presenting the percentage survival as a function of 
time (in days) of the animals treated with the virus 

35 MVATG8042 or with the control MVAN33 by scarification, 
subcutaneously (SC) , intraperitoneally (IP) or 
intramuscularly (IM) . 
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The present invention is more fully described, 
without being limited as a result, with the aid of the 
5 following examples. 

The constructs described below are prepared 
according to general genetic engineering and molecular 
cloning techniques which are detailed in Maniatis et 
al., (1989, supra) or according to the manufacturer's 

10 recommendations when a commercial kit is used. 
Synthetic oligonucleotide-directed mutagenesis in vitro 
is carried out with the aid of the kit distributed by 
Amersham. The PGR amplification techniques are known to 
persons skilled in the art (see for example PGR 

15 Protocols - A guide to methods and applications, 1990, 
published by Innis, Gelfand, Sninsky and White, 
Academic Press Inc) . As regards the repair of the 
restriction sites, the technique used consists of a 
filling of the protruding 5' ends with the aid of the 

20 large fragment of DNA polymerase I of E, coli (Klenow) . 

Aa--r-e.g.ards__the_ cloning_.._ step_s_, the_ recomb inan t Ml 3 

bacteriophages are multiplied on the E. coli NM522 
strain ' (Stratagene) in an agar minimum medium (agar 
7.5%) or in a rich liquid LBM medium. The recombinant 

25 plasmids carrying the ampicillin-resistance gene are 
repeated in the E. coli strains C600 (Stratagene), BJ 
5183 (Hanahan, 1983, J. Mol . Biol. 166,-557-580) and 
NM522 on agar or liquid medium supplemented with 
100 pg/ml of antibiotic. The strain BJ5183 is 

30 preferably used when the cloning is carried out by 
homologous recombination (Bubeck et al., 1993, Nucleic 
Acid Res. 21, 3601-3602) , 

The construction of the recombinant vaccinia 
viruses is carried out according to the standard 

35 technology in the field which is disclosed in the 
documents already cited and in Mackett et al . , (1982, 
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Proc. Natl. Acad. Sci. USA 19, 7415-7419) and Mackett 
et al. (1984, J. Virol. 49, 857-864). 

The tests in vivo (immunoprophylaxis or 
immunotherapy) are carried out on female C57B16 mice 
5 (C. Rivers Rouen, France) or nude mice (Janvier, Le 
Genest St. Isle, France) which were 6 to 8 weeks old. 
The animals are . generally divided into groups of 20 
(except when indicated) according to the viruses, the 
dose or the route of administration to be tested. The 

10 tumor cells TCI (Wu, John Hopkins University, 
Baltimore, USA) are obtained from lung cells taken from 
C57B16 mice transduced with two retroviruses, one 
expressing the HPV-16 native E6 and E7 genes and the 
other expressing the ras oncogene. The cells are 

15 cultured in DMEM medium (Dubelcco Modified Eagles 

Medium) in the presence of G418 (0.5 mg/ml). The cells ^ 
are used for the animal challenge after treatment with 
trypsin and 3 washes in isotonic medium. 

20 EXAMPLE 1: Construction of the vectors carrying the 

sequences encoding the nononcogenic 

mutants of HPV-16 E6 and E7 provided 
with transmembrane localization signals 

25 The E6 and-E7 genes are isolated from the Caski 

cell line as described in examples 2 and 3 of European 
patent EP 0,462,187. Two constructs were derived from 
the clone M13E7/E6 containing the HPV-16 E6 and E7 
genes so as to facilitate the subsequent cloning steps. 

30 The first, designated M13TG8188, results from the 
introduction, by directed mutagenesis, of PstI and 
BamHl sites respectively upstream and downstream of the 
E7 gene and the second, M13TG8189, comprises a PstI 
site upstream of the E6 gene. The introduction of point 

35 mutations upstream of an initiator ATG and downstream 
of a stop codon are within the capability of persons 
skilled in the art. 
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The combination of the HPV-16 E7 protein with 
the product of the retinoblastoma gene has been 
demonstrated by various authors (see for example Munger 
et al., 1989, EMBO J. 8, 4099-4105) and correlated with 
5 its transforming power. For obvious safety reasons, a 
nononcogenic mutant deleted for codons 21 to 26 of the 
native E7 protein which are involved in the 
transformation function is generated by directed 
mutagenesis of the vector M13TG8188 with the aid of the 

10 oligonucleotide oTG5118 (SEQ ID NO: 3). M13TG9104 
carrying the mutated E7 gene, designated hereinafter 
E7*, is obtained. 

The secretory and anchoring signals for the 
rabies glycoprotein are isolated from the rabies 

15 glycoprotein gene inserted in the form of a Bglll 
fragment into pBR327 (pTGlSO described in French patent 
83 15716) and subcloned into a vector M13 (M13TG177). A 
BamRl site is introduced between these signals in phase 
with them by directed mutagenesis with the aid of the 

20 oligonucleotide oTG5745 (SEQ ID NO: 4). The resulting 

constru ct _ i s _ _c a l ied M13T G912 8. Th^_ _ secreto ry and 

anchoring sequences are then isolated from M13TG9128 by 
Pstl digestion and inserted in 3' of the natural 
promoter of the vaccinia virus p7 . 5 into the vector 

25 pTG5003 linearized with Pstl, to give pTG5016. As a 
guide, pTG5003 is derived from pTG186poly (described in 
French patent 2,583,429) by Sail digestion, treatment 
with the Klenow fragment, and then digestion with Smal 
and religation, so that it now contains in its 

30 polylinker only Pstl and EcoRl sites excluding all 
others. The vector M13TG9104 is modified by directed 
mutagenesis with the aid of the oligonucleotides 
OTG6390 and 0TG688O (SEQ ID NO: 5 and 6) so as to bring 
into phase the E7-^ sequences and the secretory and 

35 anchoring signals for the rabies glycoprotein 
(designated in the text which follows E7^TMR) . The 
resulting construct is called M13TG9150. 
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Likewise, it has been demonstrated that the 
HPV-16 E6 protein could interact with the product of 
expression of the tumor suppresser gene p53 (Crook et 
al., 1991, Cell 67, 547-556). The domain involved in 
5 this interaction has been clearly defined and is 
situated between residues 111 and 115 of the native 
protein. The vector M13TG9125 is generated by 
mutagenesis of M13TG8189 with the aid of the 
oligonucleotide oTG5377 '{SEQ ID NO: 7). The E6 gene 

10 Xlll-115 is designated hereinafter E6*. 

The secretory and anchoring signals for the 
measles virus F protein are isolated by PCR from the 
plasmid construct pTG2148 (described in European patent 
EP 0,305,229) containing the DNA encoding the measles 

15 virus F protein. The fusion between these sequences and 
those encoding E6^ is carried out by direct PCR: the 
secretory sequence is amplified with the aid of the 
oligonucleotides oTG10829 carrying in 5' an Xbal site 
(SEQ ID NO: 8) and oTG10830 covering the 5' end of E6 

20 (SEQ ID NO: 9) , the sequences encoding the mutant E6* 

a re. ampl.i.f i e d. ___f r.om M1.3T.G.9 1.2.5„ wit h t he __a i d o f „__t he_ 

oligonucleotides oTG10835 allowing the fusion with the 
3' end of the secretory signal for the F protein (SEQ 
ID NO: 10) and oTG10836 allowing fusion with the 5' end 

25 of the anchoring sequence for the F protein (SEQ ID NO: 

11) . For the anchoring sequence, use is made of the 
primers oTG10833 allowing the fusion between the 3' of 
E6* and the 5' of the anchoring sequence (SEQ ID NO: 

12) and oTG10834 creating in 3' the Kpnl and Sphl sites 
30 (SEQ ID NO: 13) . The amplified fragment carrying the 

E6^ sequences fused at the N- and C-terminals 
respectively with the membrane secretory and anchoring 
sequences of the F protein (designated in the text 
which follows E6*TMF is digested with Xjbal and Sphl and 
35 then inserted at the same sites into the vector 
M13TG131 (Kieny et al., 1983, Gene 26, 91-99). The 
construct thus obtained is called M13TG9199. 
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EXAMPLE 2 



MVATG8042 expressing the 


E6 and 


E7 


antigens of transmembrane 


location 


and 



human IL-2 



The MVA virus is derived from the Ankara strain 
of the vaccinia virus. It is not capable of generating 
infectious particles on" mammalian cells but develops 

10 correctly on embryonic chicken fibroblasts. Its 
adaptation to these cells caused the excision of 6 
regions which are nonessential for its development and 
its infectious cycle on this type of cells 
(disappearance of about 15% of the viral genome; Meyer 

15 et al., 1991, J. Gen. Virol. 12, 1031-1038). The 
integration of exogenous genetic material may be 
achieved at the level of any of these excision regions. 
In the context of the present invention, excisions II 
and III which are located at the level of the ifindlll 

20 restriction fragments N and A respectively are used 

(AU^nhnrger et al , , 1989, Arch. Vi rol . 105, 15-27). 

In a first instance, the vector pTG6019 
allowing insertion into the region of excision III of 
the MVA virus is constructed. The homologous 

25 recombination arms on either ^side of the excision 
region III are isolated by PGR from the viral genome 
(see American patent US 5,185,146) and the primers 
OTG7637 and oTG7638 (SEQ ID NO: 14 and 15) for the left 
arm and oTG7635 and oTG7636 (SEQ ID NO: 16 and 17) for 

30 the right arm. The amplified fragments are cloned at 
the EcoRI site of the vector pTGlE, to give pTG6019. 
The genetic material to be transferred is inserted 
between the two recombination arms. The vector pTGlE is 
similar to pTGlH (French patent 2,583,429) apart from 

35 the presence of an EcoRI adaptor in place of multiple 
cloning sites. 
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A cassette for expressing the marker gene gus A 
is inserted in the first place. The 7.5K promoter is 
first of all cloned into the BamHl site of pTG6019. 
pTG6021 is obtained into whose BamHl site is inserted 
5 the gus A gene generated in the form of a Bglll-BamHl 
fragment. The latter may be obtained from the sequence 
disclosed in the literature. The resulting construct is 
called 0TG6O22. The presence of the marker will make it 
possible to distinguish the wild-type viruses from the 

10 recombinant viruses by detection of the enzymatic GUS 
activity with the XglcA substrate. A red color reveals 
the p-glucuronidase activity. However, with a view to a 
clinical application, it may be useful to be able to 
remove this bacterial marker from the final product 

15 after selecting the recombinant viruses. To do this, 
the capacity of vaccinia to delete the sequences 
between two homologous sites is exploited. Accordingly, 
a second p7 . 5K promoter is inserted downstream of the 
gus A gene in a sense orientation relative to that 

20 which directs the expression of the latter. The vector 

pT-G-6-0-2 5 re-s-ul-ts f r-om_-the.--_inserJ:.io.n_._b_etween__th_e_^ 

and Sad sites of pTG6022 of a p7 . 5K fragment provided 
with cohesive ends. 

Moreover, the cDNA encoding human interleukin-2 

25 is isolated from the plasmid pTG36 (French patent 
2,583,770) by PstI digestion and inserted into the PstI 
site of the plasmid pTG186 (French patent 2,583,429), 
giving rise to a pTG188. The virus obtained by 
homologous recombination is called VVTG188, After 

30 BglII/jE:coRI digestion, the IL-2 sequences are inserted 
in 3' of the natural vaccinia promoter pH5R at the 
Ba/nHI/EcoRI sites of M13TG9132, to give M13TG9185. As a 
guide, the vector M13TG9132 is obtained from the 
insertion of the promoter of the H5R gene isolated by 

35 PGR from the viral genome into the phage M13TG6131, 
which is derived from M13TG131 (Kieny et al., 1983, 
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supra) by mutation of the internal Bglll site situated 
outside the multiple cloning sites. 

The HPV-16 and IL-2 genes are then cloned into 
the region of excision III of the MVA genome. The 
5 E7*TMR sequences are isolated by Sglll/Hindlll 
digestion and inserted between the BamHl and Hindlll 
sites of pTG6025 in 3' of the vaccinia promoter p7 . 5 . 
The resulting construct is called pTG6050. A site for 
insertion of the cassette for expression of the human 

10 IL-2 gene by homologous recombination is created 
between the Hindlll and Kpnl sites of pTG6050 by 
insertion of the oligonucleotides oTG10502 and oTG10503 
(SEQ ID NO: 18 and 19) . The vector generated pTG6074 is 
then linearized by Hindlll/Kpnl digestion and the 

15 homologous recombination with the expression cassette 
pH5R-IL-2 isolated from M13TG9185 by Bglll/EcoRl 
digestion is carried out. The resulting construct 
pTG6088 is finally linearized with Kpnl and ligated 
with the E6*TMF gene isolated from M13TG9199 by 

20 Kpnl/Xbal digestion and the promoter p7 . 5 isolated from 
M13TG9136 by Xhal/Kpal digestion. The resulting 
construct is called pTG8042 (Figure 1) . The vector 
M13TG9136 is obtained from M13TG5107 modified by 
directed mutagenesis with the aid of oTG5925 (creation 

25 of a Pstl site in 3' of the p7 . 5 promoter; SEQ ID NO: 
20) and oTG5924 (creation of a BamHl and Kpnl site in 
5' of the p7.5 promoter; SEQ ID NO: 21). 

The virus iyiVATG8042 is generated by homologous 
recombination with the MVA genome according to the 

30 rules of the prior art. The isolation of the 
recombinants is facilitated by the presence of the gusA 
marker gene. 

It is checked that the modification of the cell 
location of the HPV early antigens does not hamper 
35 their expression. Western blot analysis of cellular 
extracts infected with MVATG8042 with the aid of an 
anti-E7 antibody allows the detection of 3 bands having 
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a molecular weight of between 20 and 35 kDa. This 
heterogeneity may be explained by the presence of a 
potential 0-glycolysation site in the membrane 
anchoring region of the rabies glycoprotein. When the 
5 Western blot analysis is repeated in the presence of 
Phenyl -Gal-Nac ( Phenyl N-acetyl-a-D-galactopyranoside, 
Sigma, P4023) , only one form of 20 kDa is detected, 
which confirms the 0-glycosylation of the product of 
expression of the E7*TMR'gene. 

10 The Western blot detection with the aid of an 

anti-E6 antibody of the product of expression of the 
E6*TMF gene reveals only one band migrating to the 
expected molecular weight of 20 kDa, which confirms the 
absence of post-translational modifications. As a 

15 guide, the abovementioned anti-E6 and E7 antibodies are 
rabbit antisera obtained by administering the purified 
antigen. However, any other specific antibody, whether 
monoclonal or polyclonal, may also be suitable. 

The expression of the hIL-2 gene is evaluated 

20 by ELISA (Quantikine R&D Systems) and IL-2-dependent 
cell proliferation test. Depending on the culture 
conditions, the quantity of IL-2 produced varies from 
200 to 800 ng/ml/24 h per 10^ cells infected with 
0.1 pfu/cell. 

25 

EXAMPLE 3 : Efficiency in vivo of the virus 

MVATG8 04 2 (immunotherapy) 

C57BL6 mice are inoculated with 10^ BMK-16 myc 
30 cells implanted by the subcutaneous route. As a guide, 
the cell line is derived from kidney cells of newborn 
mice transfected with the HPV-16 genome and the murine 
c myc gene. 10^ pfu (plaque forming units) of MVATG8042 
virus are then administered, also by the subcutaneous 
35 route on D3, D6 and D9 and the progression of the 
tumors monitored regularly. The treated mice exhibit a 
delay in tumor growth up to D15 compared with the 
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controls consisting of animals which received a 
nonrecombinant MVA virus. Furthermore, the treatment is 
accompanied by a partial regression of the tumors at 
D30-35 which is not observed when an equivalent MVA is 
5 used which expresses the E6-^ and £7*^ mutants having a 
native nuclear location. 

EXAMPLE 4 : Construction of the recombinant virus 

VVTG5095 expressing the E7^ antigen of 
10 transmembrane location 

The E7*TMR sequences are isolated from 
M13TG9150 by Bglll/ Bainnl digestion and inserted at the 
BamRl site of pTG5016. The resulting construct, called 
15 pTG5095, contains the E7* sequences fused with the 
secretory and anchoring signals for the rabies 
glycoprotein, under the control of the p7 . 5 promoter. 
The virus VVTG5095 is generated by homologous 
recombination with the vaccinia genome. 

20 

EXAMPLE 5 : Construction of the recombinant virus 

VVTG6002 expressing the E7^ antigen of 

transmembrane location and the 

immunostimulator B7 . 1 

25 

The human B7 . 1 gene is isolated from a Daudi 
human cell line by reverse PCR (RT-PCR) with the aid of 
the primers oTG6353 and oTG6352 (SEQ ID NO: 22 and 23) 
and inserted between the Bgill and EcoRI sites of 

30 M13TG6131. M13TG9149 is obtained from which " the Bgill- 
EcoRl fragment is isolated which is subcloned between 
the same sites of M13TG5107, in 3' of the p7 . 5 promoter 
(M13TG5107 carries the p7 . 5 promoter sequences cloned 
into the BamHl site of M13TG130) . The p7.5-B7.1 

35 cassette is isolated from the construct thus obtained, 
called M13TG9152 by EcoRl/ Pstl digestion and introduced 
into the EcoRI site of pTG5095 with the aid of 0TGIO86 
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(5' AATTTGCA3' ) . The resulting construct is called 
pTG6002 and the recombinant viruses VVTG6002 are 
produced by homologous recombination with the vaccinia 
genome . 

An equivalent construct is prepared by 
insertion of the cassettes for expressing the E7* and 
B7 . 1 genes into the excision region III of the MVAN33 
genome according to the same technology as that 
developed in example 2. 

EXAMPLE 6 : Efficiency in vivo of the viruses 

VVTG5095 and VVTG6002 (immuno- 

prophylaxis ) 

C57BL6 mice were vaccinated three times by the 
subcutaneous route with 10^ pfu of VVTG5095 or 
VVTG6002. Three days after the last immunization, these 
animals are challenged with 10^ E7W1 cells implanted 
subcutaneously . As a guide, the E7W1 cells are obtained 
from a murine lymphoma line transfected with a vector 
expressing the oncogenic E7 gene of HPV-16. The 
percentage survival of the animals as a function of 
time is compared with that obtained with control mice 
treated with 10^ pfu of a nonrecombinant vaccinia virus 
VVTG186 (derived from the vector TG186 described 
above) . The monitoring of mortality shows a difference 
between the three groups. Whereas in the control group 
100% of the animals died at D36, the survival of about 
a quarter of the animals vaccinated with VVTG5095 is 
observed. The protection is substantially enhanced with 
the construct VVTG6002 which includes the sequences 
encoding the B7 . 1 antigen. 

EXAMPLE 7 : Construction of MVATG9936 expressing the 

modified early genes and the late genes 
of HPV16 
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The fragments encoding the HPV16 LI and L2 
proteins are isolated by PGR from genomic DNA of Caski 
cells (ATCC 1550) according to general prior art 
techniques. The amplification fragment carrying the LI 
5 sequences is subcloned into M13TG130 (Kieny et al., 
1983, Gene 26, 91-99), to give the construct M13TG8171. 
The sequence of the cloned LI gene reveals several 
mutations compared with the sequence contained in 
Genebank (accession K02718): C in place of an A at 

10 position 248, C in place of an A at position 253, G in 
place of an A at position 537, G in place of a C in 
position 682, G in place of an A at position 874, 
insertion of a triplet ACT at position 1393, deletion 
of a triplet GAT at position 1390. The sequence is 

15 corrected by point mutagenesis so as to bring it into 
conformity with that published by Zhou et al. (1991, 
Virology 185, 251-257) and to introduce silent 
mutations at the level of the TTTTTNT sequences which 
constitute potential sites for early transcription 

20 termination which are- capable of interfering with the 
early phase of development of vaccinia. The technique 
of si"te-directed mutagenesis is within the capability 
of persons skilled in the art. The vector carrying the 
corrected sequence is designated M13TG4041. 

25 The insertion of the PGR fragment carrying the 

L2 sequences into the vector M13TG6131 leads to 
M13TG9126. 5 point mutations are identified compared 
with the sequence disclosed in Genebank: C in place of 
a T at position 378, A in place of a G at position 691, 

30 A in place of a G at position 702, G in place of an A 
at position 990 and C in place of an A at position 
1092. As a guide, the vector M13TG6131 is derived from 
M13TG131 (Kieny et al . , 1983, Gene 26, 91-99) by 
mutation of the internal Bglll site situated outside of 

35 the multiple cloning sites. 

The vector iy[13TG4041 is digested with Xjbal-SacI 
and the fragment carrying the LI sequences is inserted 
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between the Xbal-Sacl sites of M13TG9126 downstream of 
the L2 gene and in the opposite direction. The 
construct thus generated is called M13TG4042. The LI 
and L2 sequences are then isolated by Bgill digestion 
5 and subcloned between the Bgill and BamHl sites of the 
vector M13TG4052 containing the synthetic promoter 
pllK7.5, which results from the fusion of the late pllK 
and early p7.5 promoters. Of the two orientations, the 
one which places the ' LI gene downstream of the 
10 promoter, which is designated M13TG4055, is selected. 
The expression cassette carrying the pH5R promoter and 
the hIL-2 gene is then isolated from pTG8042 by Hindlll 
digestion before being introduced into the Hlndilll site 
of M13TG4055 situated between the LI and L2 genes. 
15 Finally, the construct obtained, M13TG4057, is digested 

,r|- with Bglll and the fragment carrying the HPV16 late 

sequences is inserted into the BamHl site of M13TG4060, 
which results from the cloning of the synthetic 

•A promoter p4BKlL. The latter is a hybrid promoter 

■:7? 20 between the early promoter p4B (Davidson and Moss, 

1989, J. Mol. Biol. 210, 749-769) and the late promoter 

% ■ - pKlL (Davidsbn and Moss , 1 98 9^ J- Mol" Biol. "210, 771- 

:SESB 

1:4: 784) . M13TG4062 is obtained which comprises the LI gene 

under the control of pllK7.5, the cassette pH5R-IL2 and 

25 the L2 gene under the control of p4BKlL in the opposite 
orientation relative to the LI sequences. 

A polycistronic cassette is constructed which 
contains the sequences encoding E7*TMR and E6*TMF. In 
the first instance, the IRES sequences of the EMC virus 

30 (encephalomyocardiovirus ; Genbank accession M22458) are 
isolated by conventional techniques in the form of an 
EcoRI-NcoI fragment introduced downstream of the E7*TMR 
gene between the EcoRI and Ncol sites of pTG6002 
(example 5), to give pTG8084. The E6*TMF gene is then 

35 amplified by PGR with the aid of appropriate primers, 
creating an Ncol site at each 5' end. The Bglll-Ncol 
fragment carrying the E7*TMR gene and the IRES 
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sequences which is obtained from pTG8084 and the PGR 
fragment carrying the E6*TMF gene digested by Ncol and 
Sad are reassembled in the vector M13TG6131 (example 
2) previously digested with Bglll and Sad. M13TG4059 
5 is obtained. The unit E7*TMR-IRES-E6*TMF is then 
isolated from the latter in the form of a Bglll 
fragment and inserted into the SazriHI site of pTG8093 
downstream of the p7 . 5K promoter (pTG8093 results from 
the cloning of the p7.5K promoter into the vector 
10 pTG6025. The construct thus obtained is designated 
pTG9901. 

The Sad fragment of M13TG4062 is cloned into 
the Sad site of pTG9901, to give pTG9902. The 
selectable gpt gene (Falkner and Moss, 1988, J. Virol. 
15 62, 1849-1854) is assembled with the late and IL2 genes 

^iQ. in the vector p poly II (Lathe et al . , 1987, Gene 57, 

193-201) in the following manner. The first is isolated 

rU from M13TG4076 (this vector contains the gpt gene 

flanked at its two ends by p4BKlL promoter sequences) 

Ly 20 by Bglll-Ncol digestion and the second from pTG9902 by 

|L Ncol- Sad digestion. The purified fragments are cloned 

between the Sglll-SacI sites of p poly II. pTG9933 is 
obtained from which the Sad fragment is obtained which 

A is introduced into the vector pTG9901 cleaved by Sad. 

U 25 The construct thus obtained, pTG9936, is illustrated in 

Figure 2 . 

The MVATG993 6 viruses are generated by 
homologous recombination with the MVAN33 genome. The 
isolation of clones may be carried out according to the 
3 0 prior art rules. 
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EXAMPLE 8 : Efficiency of the viruses in 

immunoprophylaxis 

A. Importance of the formulation of the viruses 
5 (experiment N121) 

The aim of this preclinical study is to compare 
the viral strain (Copenhagen vaccinia virus against 
MVA) and the formulatio'n (transmembrane presentation 
10 against native nuclear location) in terms of antitumor 
protection . 

C57B16 mice are vaccinated three times with 
lO'' pfu of virus. The injections are m.ade every ten 
days (Dl, Dll and D21) by the intraperitoneal route. 

15 The animals are challenged 7 days after the last 
immunization by subcutaneous administration into their 
right-hand side of 5 x 10^ TCI cells. Eight groups of 
20 animals are formed according to the virus and the 
solution administered, respectively : 

20 1 MVATG8042 (example 2, E6*TMF, EV^TMR, IL-2), 
2 MVATG6037 (example 5, E7*TMR, B7.1), 
-3 - VVTG5095" (example 4~ E7"*TMR) /' ' ^ " 

4 MVATG6090 (E6*, E7^, IL-2), 

5 VVTG5061xl88 (E6*, E7^, IL-2), 

25 6 VVTG186 ( nonrecombinant vaccinia virus), 

7 MVAN33 (nonrecombinant MVA virus), and 

8 a saline solution (PBS). 

Groups 1 to 3 are vaccinated with the viruses 
of the present invention expressing at least one 

30 transmembrane HPV antigen whereas groups 4 and 5 
received viruses expressing HPV16 early antigens of 
native nuclear location and groups 6 to 8 
nonrecombinant control viruses or a saline solution. It 
should be stated that the viruses MVATG6090 and 

35 VVTG5061xl88 are described in international application 
WO98/04705. The percentage survival of the animals of 
the different groups is monitored for the 12 weeks 
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which follow the tumoral challenge. The results may be 
summarized in the following manner. 

In general, the mortality is high in the three 
control groups, reaching 95% (with the viruses MVAN33 
5 and VV186) and 81% (with PBS) . 

A significant increase in the survival of the 
animals immunized with the viruses expressing the HPV 
nuclear antigens is observed. Thus, 55% of the mice 
which received the virus MVATG6090 are free of tumors 
10 whereas the administration of VVTG5061xl88 induces a 
tumor rejection level of 75%. 

On the other hand, the great majority of the 

ailJ-UlciX :d V cH_;U-Lilci L-CU. W-Luh oiit::: \/j.j^\u^^t> c; -^-k ^ j_ ^ o _i. 1 1 «-xi.v_- 

HPV16 transmembrane antigens rejected their tumor or 
15 exhibit a substantial delay in tumor growth. More 

precisely, 100% rejection is observed with MVATG8042, 

95% with MVATG6037 and 90% with VVTG5095. 

Figure 3 presents the survival curves obtained 

with the animals vaccinated with MVATG8042 and 
20 MVATG6090 compared with the controls (MVAN33 and PBS) . 

As a whole, these data demonstrate the absence 

of a significant difference between the viruses derived 

from a Copenhagen vaccinia virus and from an MVA and 

the better immunogenecity conferred by the membrane 
25 presentation. Of all the viruses tested, the virus 

MVATG8042 is the most effective since it gives rise to 

100% tumor rejection in this animal model of 

immunoprophylaxis . 

30 B. Study of the memory response (experiment N122) 

The C57B16 mice are immunized by the 
intraperitoneal route with lO"^ pfu of virus at Dl, Dll 
and D21 before being challenged at D82 by subcutaneous 
35 administration into their right-hand side of 5x10^ TCI 
cells. Eight groups identical to the previous 
experiment (N121) are formed. The progression of the 
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tumors is monitored as a function of time. The data 
obtained 50 days after the tumoral challenge confirm 
that the most effective virus in terms of tumor 
rejection is the virus MVATG8042. Its administration 
5 protects 100% of the animals, indicating its capacity 
to induce a long-term immunity. 

C. Dose effect (experiment N127) 

10 C57B16 mice are immunized by the 

intraperitoneal route at Dl, Dll and D21 with 10^, 10^ 
or lO"^ pfu of MVATG8042 virus before being challenged 
at D28 by subcutaneous adm.inistration into their 
right-hand side of 5x10^ TCI cells. The control animals 

15 receive identical quantities of MVAN33. The progression 
of the tumors is monitored twice a week for 12 weeks. 
The results (Figure 4) show 100% protection regardless 
of the dose of MVATG8042 administered whereas the great 
majority of the control animals develop tumors. These 

20 data confirm the efficacy of the MVATG8042 virus even 
at low dose. 

D. Effect of the route of administration (experiment 
N134) 

25 

The C57B16 mice are immunized by various routes 
of administration (scarification, subcutaneously , 
intraperitoneally or intramuscularly) at Dl, Dll and 
D21 with 10'' pfu of virus before being challenged at 

30 D44 by subcutaneous administration into their 
right-hand side of 5x10^ TCI cells. The progression of 
the tumors is monitored twice a week for 12 weeks. As 
shown in Figure 5, the intraperitoneal or intramuscular 
routes give the highest levels of protection with the 

35 virus MVATG8042. 
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EXAMPLE 9 : Efficacy of the viruses in immunotherapy 



A. Efficacy of the ■ viruses in an immunotherapy context 
(experiment N125) 

5 

The aim of this study is to compare the 
therapeutic capacities, towards a preestablished tumor, 
of the viruses exhibiting the HPV antigens in a 
membrane or nuclear form'. To do this, 5x10^ TCI cells 

10 are administered by the subcutaneous route into the 
right-hand side of C57B16 mice (DO) . 10^ pfu of virus 
are then injected by the intraperitoneal route at D7, 
D14 and D21. Four groups of anim.als are form.ed 
according to the virus administered: respectively 

15 MVAN33 (negative control) , a saline solution of tris- 
HCl/NaCl (negative control), !yiVATG8042 (transmembrane 
formulation) and MVATG6090 (nuclear formulation) . The 
progression of the tumors is evaluated twice a week for 
12 weeks. The results show a better efficacy of the 

20 membrane presentation in terms of antitumor protection 
in a therapeutic context. 100% of the mice which 
"receive'd MVATG8"0 4 2 "survived 14'0 days after implantation 
of the tumor cells whereas the percentage is about 60% 
for the animals injected with MVATG6090 and much lower 

25 for the control animals. 



B. Toxicity studies - Effect of the dose 

It is important to verify the absence of 
30 virulence of the viruses before envisaging their 
application to human tumors. 10^ or lO"^ pfu of MVATG8042 
or MVAN33 virus or a wild-type Copenhagen vaccinia 
virus (VVwt) are administered to nude mice (5 
animals/group) by the intracranial route. The survival 
35 of the mice is monitored for 20 days/ 

and the j^^ii^^ presented in the following table 1* 
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Table 1 



virus 


Number of surviving nude mice 




10^ pfu 


10'' pfu 


MVAN33 


5/5 


5/5 


MVATG8042 


5/5 


5/5 


Wwt 




0/5 



No side effect, is detected following the 
intracranial administration of 10^ pfu of the MVATG8042 
virus whereas all the mice treated with the wild-type 
vaccinia virus died three days after the injection. The 
control MVA virus is not toxic for the animals either, 
which confirms its attenuation compared with the 
vaccinia virus already described in the literature. 
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